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Current Status and Future Prospect on CAR-T Cell Therapy for Malignant Tumors
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Abstract Chimeric antigen receptor (CAR) refers to a class of genetically-engineered antibodies,
consisting of single chain fragment variable, co-stimulatory molecules and T cell signal transducing molecule.
Whole exome sequencing (WES) is a newly-developed strategy to identify tumor antigens and this approach has
advantages over the traditional serological analysis of expression cDNA libraries (SEREX). Recently, several
clinical trials have reported some promising benefits of using the CAR-T cell therapy in the treatment of a variety
of cancers including solid malignant tumors, although considerable concerns and challenges have been raised. This
review aims to summarize the basic concept, critical strategies and current challenges involved in the deployment
of CAR-T cell therapy for malignant tumors.
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Tk 4k 14 41 B B % A TT (adoptive cell therapy, ACT)
Vg LA 0 g i 1 P % 2 PR A 4 e R, 2
— e BN AR A R RE VA T R T B BEAE 2 A8 A
A Bl 1= Ik B 41 i (tumor infiltration lymphocytes,
TIL)ACTIR T M 1t Rt 350, AT 1 L0 )97 38
SR, TILARANr B S R R B H A )y, 1ERR
M R 0 2R 2 A I H A M bR R, S TILIY
ACTYR YT 14 TH 1 25 a0 4T %5 58 A0SR0 R R S PE T2
J B M Y, Oy i JIRGX AN G, I — T RACT
RIVE T JE ), k& Pl 32 A8 -T4H i (chimeric antigen
receptor-T cells, CAR-TZH )i AR NI A o

CAR-TZH &K fit & B2 I CARVIZ IR I LT
FI1E F Tk O 248 ff 5 DR 26 A 82 17T Bl . CAR) 45 4
BFEREEDUA. BIEX . B ERES T RME TS
Gy TEEH YT, CAR-TYHM LA 3 A SURB R &
A (major histocompatibility complex, MHC)3E R #il] {4
(TR 2R S R AR R A B R e PR R i . e
VO TE IR Mg 3 2t SEE AR, CAR-TEH L (1) 1l AR Wt 5
HIAT T —E W7 M. R1Egs T CAR-TAIIGEST
AN IR AR I I R RS . AUk, FRATTATCAR-T
21 %) 5 AR D BRI B T 0 AR — 2R3k .

1 CARMIZGH
1.1 CARMIZF45H

CARZ — Ml & 4, 451 b A 4E ek Pk,
BOBEIX e s B IX . FRLE T 44 (single chain fragment
variable, scFv)K H 565 . r BE AR 1) 7] 42 [X, 45
% %% W 4% [X (light chain variable, V) 5 5% 7 45 [X
(heavy chain variable, Vi), Pi# H Linkeri£ 4%, 41
Fi7ro scFvERER T 58 BEGUAAS I8 B i () 4 e P A
AT scFvar T8 /N T 5w Bk, XA H T
CARFE R ) B AH M 2, A F T-CARIN KA. scFv
s T CARM U 5 e 1 A 45 & B B B i 3
MHCBR#il ¥, H #l, scFvZ 3k [ T/ iR, B 2%
2 FE NPT R P s 07 BH W C AR e Bt Js 1R 1) &
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AR ETT Ao scFvAS IR P iR (1) S A )t 2
(ot 2 2Rt T O (E s T iy =TI 71 W B ey A
CARJGHE 2 59 i w87 25 14 1 XU

CARHE AN B 3 BT AR 1358 43 AT BA & — A
FCAR, FRAR MR 40 i b2 k. NKG2D. Il

W B2 A KR F . heregulin(Her-3 A1 Her-4fBCAR) .
4~ %&-13(interleukin-13, TL-13) R A8 4K, [ 40 M 73 1k,
PLJH27(cluster of differentiation 27, CD27)%% 1 4 #f
FA SR ¥ 2 HEscFVIFICAR, 7E 44 Py 5256 A s T F 14t
MR va YT, IR T — 9T Ak B, $EHINKp30AL
P FICARKY # By, 7T T NKp3OHE 14 32 14 FH 74 fitr
SR PG T

BT Bk {5 5 X, CARY T ib T BB IX,
WFAE A X, O FscFvAEE X 2 ], — AR iE
(142 B X I T CAR— 58 & Bl 1%, A F -TscFvAlfif
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[ E AT PuleZFRUIHT LR SE, & 4 CD28ES K [X 1]
CARYETHH Mg B A 5= R IE, T #5 5 IX J90X40(
Jo VR BEIR 168 5 il 7)) RICD3EIHICAR R IAFEE N
SRR, 7 CD28%r T ICARS) T ¥ B A I —
BAK, T A& T ICAR-TCRE &), 15 il X AN
CD3([CAR Y T RITCRIE FIHE &1, 5 CD28
25 JE X (ICARE A H i 1) Dh e A B 7t 38 B,
CARFI P 3843 v 5E 7 CARTETEH a5t 2 T f1) 72 171
Fik, HAT, &N HBIEEX 7 7 HCD3C. 1gE
FcH B 3% 1&1(FceRly). CD4. CD8. CD28, 1 #hif
HCD7. OX40MIH2-Kb(MHCIZE /> 1 (1 — 3B 43) 5%
1.2 CARZHHIET

FR A4 ) BUE 5 70 7 A A CAR S A = AR
(K1), ZE—ARCARMIAL G 77 R e TA71E,
T i 1) 38 5 20N /DS, 2 R R R s, S B e
RUSIA R« 3 —ARCARS T8 — M R 7.
CAR-TIV B IIIG T BR 1 75 ZECD3C, b 7 ZETH IS
AR Bl DR 23 7, UNCD28 A2 Fe s 3k Ak FH ()
[ 1 o FAR I P [R5+ 4-1BB(CD137).
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SHMIG A A7V RN TR RN T R AR A
Porter55 P | — i 52 2 2k ¥R 97 112 M bk 2 48
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file, T MIRE IR SE B IER R A XA ZARCART]
DL45 A Bh R 40 P 2 1T (9 CD 19> 1, T [ 84 1
4-1BB, THIMU(E 54 54> 1 ACD3C. % —=fACARE
A FA R 7, WICD28AICD137(CD134).
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Table 1 Representive clinical trials of CAR-T cells in the treatment of malignancies

HARFE CARZKRM HF TR B ClinicalTrials.govi: M} 5 )

URLES Targeted Generation  Phase of ClinicalTrials.gov E e E e SR

Cancer types antigens  of CAR clinical trials accession No. Outcomes and references

Follicular lymphoma, CD20 Third Phase I NCT00621452 Of 3 cases enrolled. PFS were 24 and 12 months

mantle cell lymphoma for 2 cases respectively. The third case achieved
PR and 12 months PFS. All patients well
tolerated®™.

Recurrent diffuse large =~ CD19 and First Phase I None Persistence for the first-generation of CAR-T was

cell lymphoma CD20 limited (24 h-7 days); overt toxicities were not
observed. Of 4 include cases, immune rejection
responses were noted in 2 patients'®.

B cell NHL CDI19 First and Phase | None The anti-tumor activities and persistence of the

second second-generation CAR-T cells were superior to
that of the first-generation ones'”.

CLL CDI19 Second Phase | None Only 1 case was enrolled, CR. The toxicities
included chill, fever, anorexia, diarrhea, fatigue
and tumor lysis syndrome'®.

CLL CD19 Second Phase I None Of 3 cases enrolled, 2 CR, 1 PR. Lifetime
of CAR-T cells reached 6 months. The main
toxicities included aplasia and depletion B cells,
hypogammaglobulinemia®.

CLL, ALL CD19 Second Phase I NCTO00466531 (CLL) and Of 4 cases with CLL, 3 PR. Aplasia of B cells

NCT01044069 (ALL) were not observed. 1 case of ALL acquired
remission, with B cell aplasia. Well tolerated!'”’,

B lymphoma CD19 Second Phase I NCT00924326 Of 8 cases, 6 PR, 1 CR. Toxicities included
hypotension, fever, fatigue and renal failure,
relating with serum IFN and TNF level!'!l.

Neuroblastoma GD2 First Phase I NCT00085930 Of 11 cases, 3 CR. Lifetime of CAR-T cells
reached 6 months. Toxicities not reported"'?.

Neuroblastoma L1-CAM First Phase I None Of 6 cases, 1 PR and 5 PD, no severe toxicities!".

Prostate cancer PSMA First Phase I NCT00664196 Of 5 cases, 3 PR and decreased PSA. The anti-
tumor effect was related with serum IL-2 level.
No severe toxicities happened!*.

Prostate cancer PSMA Second Phase I NCT01140373 Of 3 cases, 1 PD, 2 SD for 6 months, without
severe toxicities!".

Breast cancer CEA Second Phase I NCT00673829 Not report.

Colorectal cancer CEA Second Phase | NCT00673322 Not report.

Non small cell lung CerBb-2  Second Phase I NCT00889954 Not report.

cancer

Glioma CerBb-2  Second Phase I/IT NCTO01109095 Of 16 cases, 8 PD, 1 PR with a 8 months’
duration, 7 SD with a 6 weeks' duration, without
severe toxicities!"".

Osteosarcoma CerBb-2  Second Phase I NCT00902044 Not report.

B cell originated NHL, k-light First and Phase I NCT00881920 Of 9 cases with NHL/CLL, 2 CR, 1 PR. Among

CLL, MM chain second 7 cases with MM, 4 PR. No severe toxicities
happened!'”.

Ovarian cancer FRa First Phase | None ALL 14 cases had a PD, with grade 3-4 toxicities!"®!.

ALL: Sk A0 075, CEA: ARSI, CLL: 18 Mtk ELAR I 1 IU7; CR: 58 422 fi#; CerBb-2: NSRBI 732 4K-2; FRa: MR 32 fh o
IFN: T-90%; L1-CAM: L1-AHRAGH 737 MM: 2 A& VEB4678; NHL: SR8 %3 Gtk LU%; PD: 2 PFS: Joit e AEA7 ), PR: M7 G2fif; PSA: A5
JiARE S P BT PSMA: Tl 91 e S P U5 SD: A25€ ; TNF: FRISASEIA -
ALL: acute lymphocytic leukemia; CEA: carcinoembryonic antigen; CLL: chronic lymphocytic leukemia; CR: completely remission; CerBb-2: human

epidermal growth factor receptor-2; FRa.: folate receptor o; IFN: interferon; L1-CAM: L1-cell adhesion molecule; MM: multiple myeloma; NHL: non-

Hodgkin lymphoma; PD: progression disease; PFS: progression-free survival; PR: partial remission; PSA: prostate specific antigen; PSMA: prostate

specific membrane antigen; SD: stable disease; TNF: tumor necrosis factor.
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Fig.1 Structural evolution of CAR (modified from reference [16])
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WFRE W, R B TAN B T e 12
T F B4 4 FOC AR-TZI L7355 BRF 11K, 470098 2%
R, I PR o X LS TN A Y 2 AT il 4 e
T BT IE CD62LEAT 8 42, 75 1A P (4735 i 1] B 54 T
CL A AL I TAR MR, B 58 2 SR 18 MR i R I T -4
FUAETAR A, AT 30K B RS, TEACTIRYT TP o

IA AL, & &4 CAR-THIR™ . 5ok, fETA MG 7=
WA I — S g jg K7, WilL-7. IL-15F1IL-21%% )5,
CINDN7Es e ORI AR B N A RT3 L <E A7
TAEIRAE T ML #% 77 1K ¥ 2 AE . CAR-T4H
Ji bR e AL R T 32 AR I Rk, INCXCR2AICCHE L
[K-F-524A&2b(CC chemokine receptor 2b, CCR2b), )
T T2 ) iR A 2T R T

3 CAR-THRERIETHIRRER

I3 9 CAR-TEH i AN a6 2] 1] i 4 4 30 1o A
Y s, Bk a 2577 R B 517, 1ER
PRI 3z 3055 bk B UM R AT S H 1R ik
RS IR TS ) R BB 4 24 7 2, AR T L
PRI 2%, FEEB 0I5 Fes ZH 23 P 1 T4 e 280 4
Ko

WF T2 W, M v Sk 55 68 N VR 5 5 CAR-TAH
Ji 3= LR BEAE ML, T 1) 4 B I AR AR 2D . AU,
DK S CAR-T4H M S A7) 803 it Uk, 72 A 810
JHAMRE S, . fE—LLim RIS, 4 EHER-2MIGRIR
I B 1X (carbonic anhydrase IX, CAIX)4F 5 4 CAR-T#H
JJE IR T PRI ) R VAN R, 5 P8 5 CAR-TA
P Bk S B 3 AT A R Maher S5O R 7T 2 1],
s s ok i S b 25 R B ITHER - 245 57 VE CAR- T
JHAE /AN B B A rh A IR T 70 R R, VAT T
FIEEPE SR, 2 CAR-THN K & 5 i 3 46 I, & A
T AN T R . AR AR TS I, TYH M AR
AL B T BOR, (R AL R R 4E, B R AR 4
Mo PR F R J34h, RNAF R Gt & I CAR-THH i
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Fig.2 Construction process of CAR-T cells
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Fig.3 The whole manufacture and reinfusion process of CAR-T cells (modified from reference [28])

CARMIZRIE I AV E, & A T8 NS

I PRI 78t 32 s 1 988 A B i 9V S CAR-T
MM T AT AT 2 4= VE . Maher®5 Bt 7 — NI
PR 5 (ClinicalTrials.gov No.: NCT01818323), Hk
35 UF CAR-TH B8 P E S 16 97 =) 50 e SR B 7% 1 2k
SR AR R O 22 A 1t

&, CAR-TEH i 1) 77) 5 A0 45 24 ik 42 E
BB ANTER AN — 2 e ARG YT
CAR-THH i J= ff 43 245 AR 1 #0735 P AN i 42 5
PERY R A, & — PPl 1) 25 25 77 2.

4 BREHLIRADIESE
CAR-T 3 F) [ 980 $EL47 J5 P A2 350 A X

F, T AS 2 R 4 S ME G . CAR-THH AR VA 7 3% 14 ik
SR, TCVRVERAE (R bm RN I A P SR RN, T2
T SVER . KT CAR-TH I 4k 40 i 4 2 v
7, W kBRI bR R AT $E. CD19J 2RI T L
BRI () 2 e IR —— S I B R A A L,
MCD197EAE e 4 21 2 IA O R T B4 A S L i 4
UM, TEIE M40 B sA Rk, HAr, CDI9KE)
ZAERCAR-TZH L ) Mg #0570 S5 IS T Ll 48
[MCD19 CAR-TZH ML A R S BAY PR TBA L K &
AN RV S 520, WA ] DA R i 52 (1) A
R NPY, A6z, ¥ [AIHER-2 I CAR-T4H il 6 J7 45
Jirde I FB 3 HVE S R MBI IS R FET . FET R
AT 2% 18 A 240 PR R 7 IR DA B I st o, T it i b
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P 4 2 18D 1) 20 B TR RIBY. X e R SR W,
Fa I C AR-T R Ji 8T AH ST IR v 12 7™ ik PRt T 9o 4
I 2R HL Al = S 40 Y ) AR B R R 1

Jif 8 0 R 1) 3R 0K 3 B 6T CAR-TAH LG 97 97
R FE e T AN W W . A7 R B, CAR-THH ML AE 4%
oA K AR SE IR T ) o R 4 i, G AR AR A
DU ) P 9RE 20 i A A 6P CAR-TYR YT P 2B HidH, X &
CAR-THMMI A R FTTE. 3 — J7TH, 1E % 40 M
HA AR 2R 0 B, T CAR-TZH A F AU I AR,
T .

H ZHcDNASCFE I ILIE 2 73 Hr(serological analysis
of recombinant cDNA expression libraries, SEREX) /&
AT AE F S 932 B Mo B R i 75 702 iX b7
TR BT S LM B cDNASRIA SCFE, SR J5 FH g
SEE IO AL 075 22 H S A B R 0k B SE R HEAT A
15 B 2753 M, SEREXVEAJE T IX K (I e e 23
PP FRTBAH B AT LAVR ) B R BT R, iR AR I
T R BE A R IR TR B Ry R R BTARRY. H
Ay, R SEREXV% ik B IR HT ik 1 50044, fir
cDNATC [ E 75 7. H ZHcDNAM e 8 M.
PRA SRR S5 H R 2 B M SEREXVE M AT (S . 341,
SEREXVE i 146 21| — L& it 8 71 SR 52 7] 4 CD4 T4 L iR
al, FAREHCDS TEH MR 7. FHHRAEEE I IE 5]
CD4 " F1/8CD8 THH i1 5 2 (1 i ST 5L, & SEREX
T B0 2 — APk EY. 2, SEREXVE % i i bt
JREUAS T ORI ), ABATS 75 AN Wr ek R 56 3

A4 E 120 ¥ (whole exome sequencing, WES)
BORAN 2000 e 2 4 M1 F e 514 2R B T 1) B R
¥4 SR AR F X IBDNAE 4 )5 Bt miE &
I e 22 ER 20 73 A 77 vk, WT AR D 6 226 R 25 5E iR B0
JRHHTINER . WESE S6 70 Bl L i 44 2 1
FIEARE, i % A5 G 1 R B R ) e R AR R
1, 4K T A BRI I RARTAE M40 R % 4r, IR —
T “MHCHS & 52750 i 126 H (045 08 Bt R 3 A7 2R AT
TR XA EOR B AR TR G M H
& R G TAN R 0 1) R A FE R HT

5 CAR-TZHpEHIEHEIR M
CAR-THH a5 1F %5 2H 270 A S8 35 J5E 6 G 28 1 )
TR A O R0 B R 5 7B, <k B P R IR TE
T CAIXH: 5 M CAR-THH Ja 76 7 17 4% 14 B 4t f e 1)
WEFE o XA FC R IR, R I 2 i (1 26 T s L e

L, 85 CAIXHF 7 ECAR-TH B 1M 1 T CAIX,
XAPURIEIRE b 4i iz R IA. CD19%E 1%
CAR-TZH M 35 % 1F % BAH AR (1) 7 i A2 — e b
BEPE, AT LB B O B T R ER R (R IR

Ak, 7ECD19% 5 CAR-TYH L6 77 1L i ik o
RIFEHR, 043 BB AR T IR VA R R A AE R 4
R FREIER B R . MR VA IR LR SRR I AU 7%,
R AE BRI A AR 1D e 4 A Py AR 7 9 P P e
T MR WILE AT 5 75 55 H BB Vi R 4 5 1iE
JIIRE Vs i 27 A AE R T R BN JE IR T R AR, TECD19%F:
FHECAR-TA Mk JF L H R A PR E o8 A 1iF
CLAWE IR YT, ELHEAE A B RES I . KA. TR
PR CA S A FH o7 A ST g A58,

AL RS A IER BN E O SR, O
s, IRIME. BN A. B2 CAR-TAIH)
I R FR A 25 5 LA IR R SR A . ™
) NS = ) e (1 % WAl A2 R R e ==
A AR fER . 400 T B LE A AE 2 K AR TE
JECAR-THI 5 6~20 d, Al & AEfERERRIZ], 5
CARMIZER) . B35 I FE B S I R 22 A A o o
A, &0 40 i R B 28 A E AR T 7 12 46 B
FOWE R B 2 40 B B8 45 PR DA S SCRRIR 9T
CAR-THH fg 51 k2 (1) (1) 6 T~ 7] LLIE i A8 AL CAR ) 45
F BEINCARM 22 A VR PRI, 75 ZE8 A8 ™ 4% 11 771
e (5 gy Lt D VK 3 g b i PSR =) G R 4
SR ECA RACHE it /60,45 45 FH 5 48 i R R ve
ﬁ[”]o

o 8 VA A CAR-THH JY 1) 55 7 I B 22—
MausZ5 238 T 4451 422 52 mRNA H 27 FL2: 1) % (197
N[0 K 2R CAR-TAH M e T7 1) 3, For 1) B R
Ik RO I BB %, R AR AECAR-THH U 16 58 = Yk SanvE
JE BN, %2 B CARSE #y b B ME B R 41
RIEFENAREBUGEFTEL. X485 LRI, mRNA
CAR-THH g H CAR ) BRI R A T8 7E 1 S e I,
Hoz A MHAB A AN, RE R 2 R BT VA ) .

6 BSRE

CAR-THH 7697 & — Fiobr B4 ik gk P 40 i 4 2%
WBIT Tk, AE— SR VAT RS T 4 AR B IR
W, BA T RN RS, BAE, AT T CAR-T
I B P 25 A i B DL 1) % R FH R A 5 (1) SR B il
R o IR B iR P B B A CAR-T M L P AT 4
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CARJBLTE. scFVIRISERI ). BB 1 Rk 2
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IR0 F] SRR P . CAR-TAHAE IR T Btk — 2 1
IR AL, LE BT I8 2808 T T R RO B
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FIFE T HEBET-BLAR-1(programmed death-ligand 1, PD-
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0] 4 308 0% AT DA SRC AR-THH M A B i 98 250 mi 17,
John %5 B 57 1 S Ul SE, B HER-24F 573 P£CAR-T
41 g 5 PD-L1ATHER-2 XU [ 44 i 87 41 A 4L 5% 9% )5,
CAR-T4H fl_FPD-1(PD-L1 )32 1) ) 2 ik B 2 386 in;
B0 K I, HTPD-140 44 18 H ] B 38 iICAR-T
Y11 ) A4 P OB RS 208, . CAR-TAHUEA A HTPD-15
PUIRTT AL R (A 1533 — 20 B IR PRI 55

Ak fo, CAR-THH A 5| 2 (192 f BT~ XU
e —FEE MR N .. ECARS T i H AR K
R A2z 4= T 5 (I Caspase-9) 1] LL 1 IICAR-T4H
L) 22 A, BRARR T AU, 37 DRI PR 2 A i 2
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